Corneal oedema is associated with numerous manifestations of herpes simplex virus type 1 (HSV-1) induced ocular disease.' Oedema may develop with the progression of acute disease into the corneal stroma when infection is produced by strains of HSV-1 which have a strong tendency to produce stromal disease. 2 Disciform corneal oedema may follow acute corneal infection or appear during recrudescence in the presence or absence of obvious epithelial disease. 3 Corneal oedema is often a significant feature of keratouveitis produced by HSV-1 infection. 4 The oedema produced in association with these varying forms of HSV ocular disease may spontaneously resolve or persist and contribute to the development of chronic stromal disease and necrotising stromal keratitis. 5 The pathophysiological mechanisms responsible for the corneal oedema associated with this spectrum of HSV induced diseases are unknown. However, one would anticipate that the corneal endothelium, as a major regulator of water balance in the cornea, would have a central role. Sundmacher6 has proposed that disciform oedema, for example, represents a viral disease of the endothelium involving replication of the virus in the endothelium followed by attack of immunocompetent cells on infected endothelial cells, the latter being more harmful to the endothelium.
However, little direct evidence exists to confirm the presence of virus or viral antigen in the endothelium during the course of disease. Virus has been cultured from the anterior chamber of patients with endothelhitis, but the site ofreplication was not positively established.7 The literature contains other reports of endothelial defects including endothelial cell loss associated with herpes virus induced anterior segment disease. 489 Clinically, however, it is often difficult to evaluate the condition of the endothelium during disease because in many cases corneal oedema interferes with slit-lamp examination and specular microscopy. In addition, the source of virus cannot be positively identified without enucleation The severity of corneal stromal disease was graded on a 0 to 4 scale by means of a slit-lamp. 16 Briefly, grading of disease severity was based on corneal clarity (0=clear cornea with iris details distinctly visible; 1 
Results

CLINICAL ASSESSMENT
The eyes of 15 rabbits were infected by intrasomal injection of 103 plaque forming units (pfu) of the RE strain of HSV-1. The progression of corneal disease was followed by slit-lamp examination and ultrasonic pachymetry. Corneal stromal disease as assessed by the subjective grading scheme of McNeill and Kaufman'6 reached maximum about 12-15 days after infection (Fig  1) . The measured corneal thickness similarly reached a maximum in that time frame (Fig 1) (Table 1) . Similarly, because no significant change was observed in the coefficient of variation of cell size or the percentage of cells remaining as hexagons, there is no evidence of recent major endothelial cell loss in the vicinity of the areas digitised. 8 The alizarin red-stained endothelial flat mounts taken during the period of maximal corneal thickness did show many staining abnormalities. The endothelium of corneas receiving injections of mock antigen displayed a normal staining pattern (Fig 2, top) . The flat mounts of HSV-1 infected corneas, however, had numerous defects, including areas of pooling of stain at the cell vertices, areas of diffuse stain, areas of intense stain, and areas where the staining pattern of the endothelial cell borders was no longer visible (Fig 2, bottom) . In the latter case it was difficult to determine the exact cause of the loss ofthe normal staining pattern. In many cases small areas appeared in which the normal staining pattern was faint but intact and obscured by debris or cells sitting on or within the endothelial layer.
SCANNING ELECTRON MICROSCOPY
In order to observe better the nature of the defects in the corneal endothelium, corneas of control and HSV-1 infected rabbits taken during each of four time periods were examined by scanning electron microscopy. Control corneas taken 6-8 days, [12] [13] [14] [15] [16] days, 18-20 days, and 30-37 days after injection of mock antigen showed few obvious defects (n=3 during each time period) (Fig 3, top) . HSV infected corneas taken early in the course of development of stromal disease and oedema (6-8 days after infection) appeared to possess inflammatory cells in or on a normal endothelial cell layer (n=6) (Fig 3,  centre) . At severe stages of oedema numerous endothelial defects appeared, including junctional gaps and infiltration of the cell layer; however, major areas ofendothelial cell loss were not observed (n=5) (Fig 3, bottom) .
In random electron micrographs taken at magnification x 200 and evaluated in a masked fashion the number of defects per field increased significantly in the HSV infected rabbits from [1] [2] [3] [4] [5] [6] [7] [8] (SEM 0-9) defects/field (n=4) at days [6] [7] after inoculation to a maximum of 27-6 (SEM 17-9) (n=3) at days 12-14, about the time of maximum corneal thickness. Numbers ofdefects then gradually decreased, with 6-8 (SEM 2-6) (n=4) at 18-20 days after infection and returned to 3-0 (SEM 2) (n=3) after 30-37 days. Corneas from control animals taken at each of these time points showed no comparable defects.
LIGHT AND TRANSMISSION ELECTRON MICROSCOPY
In an effort to understand better the nature ofthe endothelial defects in the corneas observed by SEM the specimens were uncoated, reblocked in epoxy resin, and sectioned for both light and TEM. Observation of these specimens by light microscopy following toluidine blue staining suggested that the irregularities in the endothelium during the period of maximum corneal oedema were due to infiltration ofthe endothelial layer with inflammatory cells and lymphocytes (Fig 4) . Early in the course of oedema (6-8 days after infection), cells were frequently observed attached to the luminal surface of the endothelium. As oedema became more severe, TEM indicated that infiltrating cells were incorporated within the endothelial layer, especially during the period of maximal corneal oedema (Figs 5, 6,  7) . Many of the cells had large areas of rough endoplasmic reticulum typical of plasma cells (Fig 7) . Cells were not observed within or spanning Descemet's membrane. Cells and flare in the anterior chamber were rarely observed at any stage ofdisease. An intense anterior chamber reaction characterised by the development of hypopyon was not characteristic of the disease studied.
Virus particles were not detected by TEM in any endothelial cell layers observed (4-6 corneas 25 Further studies will be required to determine the identity of cytokines and mediators of inflammation present in HSV infected corneas in order to determine their role in corneal oedema.
